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Abstract
Various pathological conditions are associated with changes in multiple protein biomarkers, and
these changes can be assessed using xMAP™ beads and the Luminex™ platform. Although this
platform is most commonly utilized in the analysis of biomarkers in serum, plasma, or urine, it is
often desirable to measure these analytes in tissues (e.g., biopsy specimens). We have developed a
simple, rapid method of tissue isolation in which excised tissues are permeabilized in RNAlater ™

at 4°C overnight, followed by Luminex™ analysis for inflammatory biomarkers (cytokines). This
method was compared with flash-freezing in both mouse liver and human debrided wound
specimens, and may be of utility in other clinical settings.
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INTRODUCTION
The increasing focus on biomarkers of disease progression or therapeutic efficacy has led to
the broad application of various proteomic techniques to clinical samples (1–3). One
technique that has been utilized widely has been that of multiplexed, bead-based flow
cytometry (i.e., Luminex, Luminex, Austin, TX) (4). This technology is now in routine
experimental use for analysis of cytokines in various biofluids. However, there are many
situations in which it would be desirable to assess cytokines or other biomarkers in excised
tissues, especially in clinical studies (e.g., (5)) and perhaps at some point in a diagnostic
fashion. One factor limiting the broad utility of this methodology is the ease of sample
handling in the clinical environment, where snap-freezing or other procedures designed to
minimize protein degradation may be difficult to accomplish owing to lack of equipment or
personnel.

Herein, we describe a simple method for Luminex™- compatible, rapid, and convenient
tissue preparation. The method relies on a commercially available tissue preparation
medium (RNAlater, Ambion, Austin, TX), which is an aqueous, nontoxic tissue storage
reagent that rapidly permeates tissues. The main use of this reagent is to stabilize and protect
cellular RNA. Significantly, the recommended method for utilizing RNAlater™ involves
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initial storage for 24 hr at 4°C, followed by later freezing at −20 or −80°C (6). Thus, this
storage medium would appear to be ideal for use in clinical studies or in settings where
access to liquid nitrogen or other flash-freezing equipment is limited.

MATERIALS AND METHODS
Tissue sources

Mouse tissues were obtained as follows. Following approval of the proposed animal studies
by the University of Pittsburgh Institutional Animal Care and Use Committee, C57Bl/6 mice
were either untreated (n=4) or subjected to acute inflammation through the bolus injection of
3 mg/kg bacterial lipopolysaccharide (LPS) for 2 hr (n=4). Human tissues were obtained as
follows. All studies were carried out following approval by the University of Pittsburgh
Institutional Review Board. Discarded wound debridement tissues were obtained from foot
wounds characterized by excessive scars (n=2) or exhibiting nonspecific granulation tissue
(n=2).

Tissue preservation protocols
Mouse samples were preserved as follows. Immediately after cardiac puncture blood
collection, mouse liver was collected by either flashfreezing in liquid nitrogen or placed in
RNAlater™ solution for tissue preservation, as follows. From one mouse, a small portion of
liver was quickly placed in a microcentrifuge tube containing 0.5–1ml of RNAlater™

solution. From the same mouse, another small portion of liver was placed in a labeled whirl
pack bag and submerged in liquid nitrogen. The liquid nitrogen frozen liver sample was then
removed from liquid nitrogen, and placed at −80°C for long-term storage. Owing to sample
limitations, human debrided wound tissue was only preserved in RNAlater™ as follows.
Tissues were ≤0.5 cm™ in order to allow the RNAlater™ solution to completely permeate
into the tissue. Tissues were stored overnight at 4°C, then at −80°C for long-term storage.

Sample processing protocol
Approximately 50 mg of the tissue was transferred to a 2.0 ml microcentrifuge tube
containing 1 ml of 1× BioSource tissue extraction reagent (San Diego, CA) (Catalog
Number FNN0071) supplemented with 10 μl of 100mM phenylmethanesulfonyl fluoride in
ethanol as a protease inhibitor. The tissue was homogenized for 15–30 sec until the sample
was in a consistent solution. The sample was placed on ice, if processing multiple samples,
and was then centrifuged at 4°C for 10 min at 10,000×g. After centrifugation, the
supernatant was collected and placed in a new microcentrifuge tube, placed on ice, and
assayed for protein content using the biocinchoninic acid (BCA) protein assay (Pierce,
Rockford, IL) using the manufacturer’s protocol. Depending on tissue type, a 1:5 or 1:10
dilution may be necessary before addition of samples to the BCA assay.

Analysis of cytokines
Mouse cytokines were detected using a Luminex™100 IS apparatus using the BioSource
International Mouse 20-plex® Luminex™ beadset. Human cytokines were detected using the
Human 25-plex® Luminex™ beadset (BioSource).

Statistical analysis
Cytokine levels are presented as mean±SEM. Differences between the levels of a give
cytokine measured in flash-frozen tissue vs. that cytokine assessed in RNAlater™-preserved
tissue were assessed by Student’s t-test analysis using SigmaStat™ software (SPSS,
Chicago, IL).
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RESULTS
Our primary goals in this study were (1) to determine whether inflammatory cytokines and
chemokines could be detected using Luminex™ technology in human biopsy tissues and (2)
to determine whether tissue preservation in RNAlater™ could be comparable to snap-
freezing as a Luminex™-compatible tissue preservation technique. We sought to address the
latter point first. In order to do so, we reasoned that snapfreezing and RNAlater™ must be
compared in a setting in which elevation of cytokines is known. The mouse liver is a
primary site of inflammation in the setting of experimental endotoxemia and sepsis (7) and,
therefore, we chose mouse liver as our benchmark tissue. Significantly, Luminex™

methodology has been used previously to assess cytokines in 25 μg of flash-frozen mouse
liver [5]. Accordingly, C57Bl/6 mice were either untreated (n=4) or subjected to acute
inflammation through the bolus injection of 3 mg/kg bacterial LPS for 2hr (n=4). Figure 1
shows the levels of inflammatory cytokines detected in mouse livers preserved either by
snap-freezing or in RNAlater™ following the manufacturer’s protocol. Figure 1 shows the
levels of cytokines in control livers (A) and LPS-treated livers (B), respectively, with 25 μg
of total liver protein assayed. In some cases (e.g., basic fibroblast growth factor (FGF)), the
experimental variability in cytokine/chemokine levels was high. However, only interleukin-
1α (IL-1α) differed in a statistically significant fashion when comparing the levels of
cytokines from livers preserved using RNAlater™ vs. flash-freezing (92.4±17 vs.
281.8±26.7; P<0.001). If 125 μg of protein assayed, several cytokines and chemokines
exhibited statistically significant differences between preservation methods when examining
livers of endotoxemic mice (comparing RNAlater™ vs. flash-freezing, respectively), as seen
in Figure 1D (basic FGF: 1,275.4±129.3 vs. 684.8±139; P<0.021; IL-1α: 593±58.5 vs.
1,777±191.5; P<0.001; keratinocytederived chemokine: 370.7±160.2 vs. 912±63.9; P<0.02;
macrophage-inducible gene: 2,053±950.7 vs. 9,517±1,350; P<0.004). Interestingly, no
statistically significant differences were observed between preservation methods in livers
obtained from nonendotoxemic (control) mice (Fig. 1C). As these differences seen when
assaying 125 μg of liver protein did not follow any specific trend (e.g., higher levels in
flash-frozen samples), it is not clear if they were because of the isolation method or other
assay conditions.

As mentioned above, the primary goal of our studies was to determine whether
inflammatory cytokines and chemokines could be detected in human tissues using the
RNAlater™ method. Wound healing is a process that involves inflammation, and this
inflammatory response is aberrant in various syndromes characterized by aberrant skin
healing (8,9). To date, no diagnostic assay based on routine analysis of inflammatory
cytokines in debrided wound tissue has been described. Accordingly, we obtained discarded
wound debridement tissues from foot wounds characterized by excessive scars (n=2) or
exhibiting nonspecific granulation tissue (n=2; all studies were carried out following
approval by the University of Pittsburgh Institutional Review Board). The debrided wound
tissue was preserved in RNAlater ™ as in Figure 1, and 25 μg was assayed for cytokines
using the Human 25-plex® Luminex™ beadset (BioSource). These studies suggest that
debrided wound tissue is very high in IL-1 receptor antagonist as well as IL-8, with elevated
IL-6 distinguishing between the granulation tissue and the hypertrophic scar (Fig. 2).

DISCUSSION
These studies suggest that tissue preservation using RNAlater™ is a rapid, convenient, and
Luminex™- compatible preservation method. To our knowledge, this is the first report of the
analysis of human wound tissue cytokines ex vivo using the Luminex™ system.
Nonetheless, the purpose of this study was not to establish a diagnostic assay for conditions
involving aberrant wound healing, but rather to demonstrate the general utility of this simple
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method that could be used in future studies. These studies must be extended to other settings
in diverse clinical tissue samples before this technique can be considered fully equivalent to
flash-freezing in all respects.

A central, practical limitation when attempting to translate a research technique into
potential diagnostic use relates to the ease of sample preservation. In today’s extremely
complex clinical environment, it is often impractical to demand the routine snap-freezing of
tissues in order to preserve tissues properly for analysis of labile proteins such as cytokines.
Yet, cytokines are increasingly being examined as possible biomarkers of disease (7,10,11).
The Luminex™ platform is rapidly emerging as the platform of choice for cytokine analysis
because of its ability to measure many cytokines in a small volume of sample (4). Although
the typical use of this technology is in the analysis of cytokines in biofluids such as serum,
plasma, and urine, there is growing interest in the detection of cytokines in tissues using
Luminex™. Thus, we sought to find and test a simple, Luminex™-compatible method of
tissue preservation that would be suitable for a clinical environment.

We compared snap-freezing, the benchmark method for tissue preservation, with
preservation in RNAlater™, as the latter has been suggested to help preserve proteins as well
as RNA (6). To do so, we utilized a well-established experimental protocol for inducing
inflammation (endotoxemia in mice) in order to minimize variability. We found that there
was essentially no difference between snap-freezing and RNAlater™ when assaying 25 μg
of liver tissue. One notable exception was IL-1α, which was higher in the snap-frozen
tissues. This result may suggest that this cytokine is more labile than the others detected in
the Luminex™ panel, though earlier studies on stability of cytokines in blood suggested that
IL-1α is intermediate in stability as compared with other cytokines (e.g., IL-6) (12). We
found that assaying a higher amount of whole tissue (125 μg) resulted in greater differences
between flash-freezing and RNAlater™, though these differences did not show a consistent
trend for higher recovery for one preservation method vs. another. We therefore suggest that
any laboratory planning on utilizing this method should determine the recovery of its
cytokine(s) of interest in tissues preserved in RNAlater™ vs. flashfreezing and also
determine the maximal amount of protein that can be utilized in the assay.

Our primary goal was to demonstrate that cytokines could be detected using Luminex™

methodology in human tissues preserved using RNAlater™. We show for the first time that
human debrided wound tissue expresses a variety of inflammatory cytokines, supporting
numerous studies that implicate inflammation in the wound healing response (both normal
and aberrant) (8,9). Substantial additional work, however, is necessary in order to
demonstrate a diagnostic utility for these cytokine patterns in human wound healing.
However, this study will hopefully reduce the effort necessary to do so in future studies.

In conclusion, we suggest that our method will be of utility in both clinical and research
settings. However, further work in additional clinical tissue samples is necessary.
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Abbreviations

FGF fibroblast growth factor
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IL interleukin

IP-10 interferon-γ-inducible protein, 10 kDa

KC keratinocyte-derived chemokine

LPS bacterial lipopolysaccharide

MIG macrophageinducible gene
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Fig. 1.
Luminex™ cytokine assays in mouse liver: Comparison of flash-freezing vs. RNAlater™.
C57Bl/6 mice were either untreated (Panels A and C; n=4) or subjected to acute
inflammation through the bolus injection of 3 mg/kg bacterial lipopolysaccharide (LPS) for
2 hr (Panels B and D; n=4). Following euthanasia, the livers were obtained and portions
were preserved using either flash-freezing (black bars) or RNAlater™ (white bars). Either 25
(Panels A and B) or 125 (Panels C and D) μg of each sample was assayed for inflammatory
cytokines and chemokines using the BioSource International Mouse 20-plex® Luminex™

beadset. Statistically significant differences between flash-freezing and RNAlater™ as a
preservation method are depicted by asterisks and specific P values (all by Student’s t-test).
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Fig. 2.
Luminex™ cytokine assays in human debrided wound tissue: Comparison of granulation
tissue vs. hypertrophic scar. Discarded wound debridement tissues were obtained from
patients exhibiting nonspecific granulation tissue (Panels A and B, each representing a
single patient’s sample) or suffering from hypertrophic scars (Panels C and D, each
representing a single patient’s sample). The samples were preserved immediately in
RNAlater™, and 25 μg was assayed for cytokines using the Human 25-plex® Luminex™

beadset (BioSource).
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